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Abstract 
Crowdsourcing is a multidisciplinary research area, it represents a rapidly 
expanding field where new applications are constantly emerging. Research in this 
area has investigated its use for citizen science in data gathering for research and 
crowdsourcing for industrial innovation. Previous studies have reviewed and 
categorised crowdsourcing research using qualitative methods. This has led to the 
limited coverage of the entire field, using smaller discrete parts of the literature 
and mostly reviewing the industrial aspects of crowdsourcing. This study uses a 
scientometric analysis of 7,059 publications over the period 2006 - 2019 to map 
crowdsourcing research to identify clusters and applications. Our results are the 
first in the literature to map crowdsourcing research holistically. We classify its 
usage in the three domains of innovation, engineering, and science where 11 
categories and 26 sub-categories are further developed. The results of this study 
reveal that the most active scientific clusters where crowdsourcing is used are 
Environmental Sciences and Ecology. For the engineering domain, it is Computer 
Science, Telecommunication and Operations Research. In innovation, idea 
crowdsourcing, crowdfunding and crowd creation are the most frequent areas. 
The findings of this study map crowdsourcing usage across different fields and 
illustrate emerging crowdsourcing applications. 
 




Crowdsourcing continues to be a growing area for researchers as an emerging phenomenon 
[1], defined as the solving of a task or problem by a crowd of people outside an organisation 
using online interaction [2]. It is the act of an organization taking a project or task, once 
performed by employees, and outsourcing it to an undefined (and generally large) network of 
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people in the form of an open call [3]. It harnesses the power of the crowd in tasks such as 
idea creation and solving problems, and it does not necessarily require contracts of agreement 
found in outsourcing tasks to a specialised organisation [4, 5]. Internet-based platforms have 
provided the avenue to reach a far wider group of contributors that could result in better 
solutions [6]. These platforms have also led to a wide dispersion of crowdsourcing in 
different areas and so it is difficult to estimate the coverage of crowdsourcing applications. 
Sivula and Kantola [7] divide crowdsourcing models into seven main categories: 
crowd-voting, idea crowdsourcing, crowd evaluation, crowd creation, micro-tasking, solution 
crowdsourcing and crowdfunding. Palacios et al. [8] propose its emerging research trends 
range from problem-solving, learning paradigms, open innovation program, new product 
development (NPD) and collaborative initiation. Hossain and Kauranen [9] use a literature 
review method based on 52 highly cited studies and they categorised the application areas as 
idea generation, microtasking, open-source software, public participation, citizen science, 
citizen journalism, and wikis. Zhao and Zhu [1] categorise the field based on the focus from 
55 studies: conceptualization focus, the system focus, and the application focus. 
Whereas these previous studies identify crowdsourcing research [1, 7-10], they lack a holistic 
approach where all crowdsourcing scientific domains are mapped and categorised. We have 
identified only one quantitative study on the topic [7] with a dataset of 346 studies, research 
being specific to the innovation management field. This emerging field lacks a holistic 
quantitative examination to map the entire field without domain-specific limitations. Such a 
study would reveal applications across different domains and intersections between them.  
In terms of quantitative approaches, scientometric studies have been used in other fields to 
understand trends and the growth of scientific fields. Such a study remains absent within 
crowdsourcing. We also did not find any crowdsourcing specific data collection method or 
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taxonomy. Based on the extensive literature review, we identify methodological and practical 
gaps in this field. 
Those gaps in the literature form the basis of our research question: What are the 
crowdsourcing research fields? We aim to identify crowdsourcing clusters and categories to 
answer this question. Furthermore, we aim to illustrate knowledge management and 
benchmarking to related research fields as it identifies themes within them, provides the 
visualization of research data [11] and finally, offers trend and innovation analysis [12]. A 
scientometric approach is chosen for this study as it helps to identify the foundations of a 
research field by using a quantitative approach, minimizing the subjectivity of the results 
[13]. Accordingly, our study integrates the combination of scientometric and text mining 
methods to examine the structure and growth of crowdsourcing. We provide a search string 
and a method for other scholars to enable them to follow similar studies in crowdsourcing 
field. 
Our findings contribute to the stream of literature on crowdsourcing by providing a 
scientometric-based methodological analysis of its use in the domains of science, engineering 
and innovation [1, 7-10]. Considering the relevant studies [1, 7-10], this is the only study in 
the literature that maps entire crowdsourcing research with a scientometric approach and it 
helps breaking down this area into its main and sub-domains. As a result, there are three main 
domains are found and these domains are further broken down to 11 sub-categories based on 
crowdsourcing usages, such as idea and wisdom in innovation, mapping in engineering, and 
habitat monitoring in science. Our findings also contributes to the literature by linking 
crowdsourcing applications to their relevant platforms and techniques. Our approach gauges 
more accurately the crowdsourcing field in term of uncovering crowdsourcing application 
typologies, classifying emerging and mature applications as well as clustering emerging 
research clusters according to term linkage strength within research fields, all with various 
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implications for researchers, analysts and innovation specialists. Finally, our study 
contributes to the future research directions in crowdsourcing considering three main 
domains and its sub-categories. 
The next section reviews the literature on crowdsourcing. The third section presents the 
analytical framework, followed by the research methodology in the fourth section. The fifth 
section presents our findings and analysis. The paper concludes with a few remarks.  
 
II. BACKGROUND AND RELEVANT RESEARCH 
Existing qualitative reviews of crowdsourcing research provide useful insights regarding 
definitions, models, applications and avenues for future research. Table I provides an 
overview of recent studies that advance our understanding of crowdsourcing [14], 
categorising the relevant crowdsourcing literature in three main categories as 1) examination 
of crowdsourcing characteristics, 2) utilization of crowdsourcing within research fields, and 
3) taxonomy of crowdsourcing research. We illustrate different levels of crowdsourcing 
focus, starting from crowdsourcing definition level studies to more advanced use of 
crowdsourcing in various conditions and fields; ranging from examining the key determinant 
level for its implementation [1] and key components in a crowdsourcing process and systems 
[22], to crowdsourcing typologies and classifications [24, 27].  
Table I clearly shows that the diversity of typologies and perspectives makes it difficult to 
provide a generic categorisation to crowdsourcing research and its applications. Furthermore, 
lack of a review based on word metrics makes it difficult for scholars to accurately examine 
the growth and development of crowdsourcing research. Thus, there is a need to better 
understand the boundaries of crowdsourcing research, as well as to identify quantify trends, 




Table I Categories of research on crowdsourcing 




Definition of crowdsourcing 
Identifying the capabilities and tasks performed 
Identification of benefits of crowdsourcing on an individualistic and community level 
Identifying motivations for crowd involvement in crowdsourcing 
Identifying task characteristics and complexities (simple, creative and complex) 
Examining the perspectives of crowdsourcing (organisational, Technical, process, human-centric) 
Identifying components of crowdsourcing systems (User, Task, Contribution and Workflow management) 
Exploration of crowdsourcing typologies 





The use of crowdsourcing in higher education (crowd wisdom, crowdfunding, crowd voting and crowd creation) 
Examination of crowdsourcing focus within information systems: Conceptualization, Application and System 
Pillars of crowdsourcing model in information systems 
The use of crowdsourcing in bioinformatics: tasks (Micro and Megatasks) and application systems (volunteer labour, purposive 
gaming, microtask markets and open innovation contests) 
Use of crowdsourcing in health and medicine: tasks performed (problem-solving, surveying, surveillance, monitoring and data 
processing) 
Understanding crowdsourcing in Human resource management: Jobs (routine, complex and creative tasks), workforce planning, 
training and development, recruitment fit (person-organisation, person-group and person-job), compensation, legal and ethics 
Use of crowdsourcing in agriculture: Tasks (knowledge, data and visual observations),  




Understanding aspects of crowdsourcing: Application (voting system, information sharing, game and creative systems) 
algorithms, performance (user participation and quality management and cheating) and dataset 
Organization level (acceptance, implementation, management, quality, evaluation), technology level (incentive mechanisms, 
technological issues), and participation level (crowd motivation, organization employees’ behaviours) 
Examining aspects of crowdsourcing: process, characteristics, motivation to participate, motivation to crowdsource and 
limitation 
Examining the models (intermediary, citizen media production, collaborative software development, digital goods sale, product 
design, p2p financing, consumer report, knowledge base and collaborative science project), issues (level of collaboration and 
type of service outsourced) and control mechanisms (compensation schemes, trust-building, voting and commenting) 
Breakdown of internal crowdsourcing (Problems, Governance and Outcomes)  
Breakdown of crowdsourcing process: Input (Problem/Task), Process (Session, People, Knowledge and Technology 
management), Output (Solution, Seekers and Solvers Benefits) 
[1],[4],[9],[14], 
[28 - 32]  
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Analysis of the literature using objective metric tools and network analysis can provide new 
insights. The most common methods and techniques to review a field with a wide scope of 
studies are bibliometrics, scientometrics, and informetrics [33]. Recently, Malik et al. [32] 
examined crowdsourcing publications using parameters such as document type, language, 
prolific journals, leading countries, institutions and authors of publications. The merits and 
most significant reason for using this approach are to fathom the features of a scientific 
discipline. Scientometric analysis, on the other hand, is the second most used metric method 
for the analysis of past, present and future scientific developments of a field. This form of 
analysis is a quantitative method of science mapping used to analyse the existing intellectual 
core and landscape of a research field [34]. Such a study will reveal a pictorial trend of 
crowdsourcing research which will help scholars to understand how the field has developed 
over time. Accordingly, in the next section, relevant scientometric studies are examined to 
understand its merits and areas of application. 
 
A. Relevant Scientometric Studies 
Scientometric analysis can provide valuable information about the changes in trends, detect 
real-time hot topics and provide avenues for further research. This is achieved using data 
collection, visualization and science mapping interpretation tools on a field of study [34]. The 
dynamic visualization occurrence and citation technology enable the display of a knowledge 
domain to identify research areas and sub-areas by clustering on the map as a basis of 
knowledge.  
Innovation literature proposes some interesting scientometric research. Su and Lee [35] 
propose a way of mapping the structure of open innovation research by analysing 
publications retrieved from the Web of Science. The study combines keyword co-occurrence 
with social network analysis to examine the country, institute, publication and keyword 
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relationship; to identify that activation, connection dynamics, virtual communities, and open-
source software are some of the dominating key terms in the field. Chatterjee and 
Sahasranamam [36] examine the trend in innovation management research in India during the 
period 1991 – 2013, to reveal the concentration of publications in general 
management/strategy (10%), entrepreneurship (5%) and innovation-related journals (85%) as 
well as the trending key themes focusing on macro perspectives, operational/technical aspects 
and organisation aspects. Appio et al [37] examine the main research areas of social media-
based innovation to understand its development during the period 2003 – 2013. The study 
proposes emerging clusters within the field range from organisational learning, knowledge 
sharing in communities, value (co)creation, user/customer involvement in innovation process 
and, open and distributed innovation. Kullenberg and Kasperowski [38] performed a 
scientometric analysis on a particular research field within crowdsourcing which is known as 
citizen science, to explain its development over time and to show what strands of research 
have adopted citizen science. Mora et al. [39] examine the development path of smart cities 
in an attempt to visualize the network of publications shaping the structure of the field, 
revealing emerging paths and mapping the thematic clusters. Similarly, Kovács et al. [13] 
reveal seven thematic clusters within open innovation field: (1) firm-centric aspects of Open 
Innovation, (2) management of Open Innovation networks, and (3) role of users and 
communities in Open Innovation. This scientometric review of the field reveals the 
firm-centric aspects of Open Innovation focused on the role of knowledge, technology, and 
R&D from the innovating firm’s perspective whilst the management of Open Innovation 
networks and role of users and communities in Open Innovation had been relatively under-
researched.  
These studies show that scientometric analysis needs to be combined with an analysis of 
recent trends in academic research. Given the gaps identified earlier, the aim of this study is 
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to examine and map where crowdsourcing research and applications are concerned, 
specifically with regards to knowledge domains, sub-domains and its relevant industries. 
Hence, the following research objectives emerge as 1) to identify crowdsourcing main 
clusters and visualise the network of research, 2) to study the link between research cluster 
and sub-clusters, 3) to examine crowdsourcing applications within clusters, and 4) to build a 
framework that illustrates the emerging clusters and sub-clusters within the crowdsourcing 
field. Figure 1 demonstrates the process followed to assist in achieving the objectives of this 
study. 
 
Fig 1: Conceptual framework for deriving themes and crowdsourcing applications [11 - 13] 
 
III. RESEARCH METHODOLOGY 
Considering the methodological gap of this literature and following the key approaches [87-
88], this study uses scientometrics to examine crowdsourcing literature. Examination of other 
similar methodological approaches show that there are four or five similar steps starting from 
data collection to data interpretation steps [87-90]. Considering these studies, our 
methodological approach is designed. Figure 2 illustrates the process followed for this study 
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where as a result, the entire crowdsourcing research is mapped and future directions are 
provided. Accordingly, this study has 5 major steps. In step 1, publication data is collected by 
identifying the key search terms, identifying inclusion and exclusion criteria and finally 
retrieving the data. In step 2, the collected publication data is optimised by cleaning irrelevant 
terms and allocating thresholds before terms are examined. In step 3, the matrix of terms are 
calculated based on co-occurrence and then positioned based on the centrality measures. In 
step 4, the centrality measures are illustrated based on the relevance scores and also the 
frequency of terms using clustering and heatmap visualisation interfaces. In step 5, the results 
are crosschecked with the database and also the search string is updated then we performed 
step 1-4 once again. In step 6, the results are interpreted by using combinations of terms in 
the final database to identify relevant studies and these are read through to understand the 
cluster of terms and also overlapping clusters with each other. The details of data collection, 
analysis and verification steps are explained in the following sections.  
 
Fig 2: Methodology for publication data analysis 
 
A. Data Collection and Verification 
The Web of Science (WOS) database was utilised as the source of data for the period 2006 – 
2019. As crowdsourcing is a multidisciplinary field with a variety of emerging applications, 
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we decided to use a search string in the “topic” field of articles which allows the 
accumulation of title, abstract and keywords as they play an important role in the 
scientometric analysis. Initially, using the terms that are identified in the literature review, we 
gathered all the crowdsourcing specific terms. The preliminary analysis is completed to 
uncover new terms in the results to expand the search string. The search string is finalised 
after three iterations following the previously mentioned step 1 to 4 with the new 
crowdsourcing specific terms each time to reach to the saturation of crowdsourcing terms. 
The final search string is as shown below:  
“crowdsourc* OR crowd-sourc* OR “crowd sourc*” OR “mobile crowdsourc*” OR 
crowdfund* OR "crowd fund*" OR “crowd financ*” OR crowdfinanc* OR “crowd vot*” 
OR crowdvot* OR “crowd scienc*” OR citizenscienc* OR “citizen scienc*” OR “crowd 
test*” OR crowdtest* OR “crowd mapp*” OR crowdmapp* OR “crowd sens*” OR 
crowdsens* OR “crowd comput*” OR crowdcomput* OR “crowd solv*” OR crowdsolv* 
OR ((macrotask* OR “macro task*” OR “micro task*” OR microtask*) AND crowd)” 
An initial search for the period revealed 13,371 articles but after further processing and 
limiting documents to only English language scientific articles and eliminating conference 
proceedings, other review studies or book chapters, we arrive at a total of 7,059 articles for 
this area. 
Based on step 3 and 4, after analysing the data, we identify three major clusters where 
crowdsourcing is applied: innovation, scientific research and engineering domains as shown 
in Table IV, the details of which are explained in the findings section in Figure 4. To 
examine these three identified major clusters in-depth and to break them down to 
their own subcategories, we define three separate search strings for each cluster, as shown 
in Table II. For each string, we make use of the crowdsourcing general query to have 
consistency across different clusters, then we differentiate each cluster with their 
dedicated subset of search strings. These cluster-specific terms are expanded using the 
iteration method (preliminary analysis are completed for each cluster with the initial 
terms then expanded with three 
11 
iterations). Moreover, the search strings are further supported by WOS categories, broken 
down in Table II. 
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Table II: Breakdown of Search Strings 




crowdsourc* OR crowd-sourc* OR “crowd 
sourc*” OR crowdfund* OR "crowd fund*" 
OR “crowd financ*” OR crowdfinanc* OR 
“crowd vot*” OR crowdvot* OR “crowd 
test*” OR “crowdtest*” OR “crowd solv*” 
OR crowdsolv* OR (( macrotask* OR 
“macro task*” OR “micro task*” OR 
microtask*) AND crowd ) NOT “crowd 
scienc*” NOT citizenscienc* NOT “citizen 
scienc*” NOT “mobile crowdsens*” NOT 
“crowd mapp*” NOT crowdmapp* NOT 
“crowd sens*” NOT crowdsens* NOT 
“crowd comput*” NOT crowdcomput*  
Management, Business, Art, Operations Research and Management science, Economics, Health Care 
Science Services, Psychology Multidisciplinary, Law, Business Finance, Hospitality Leisure Sport and 
Tourism, Green Sustainable Science Technology, Ergonomics, Political Science, Engineering 
Manufacturing, Infectious Diseases, Public Administration, Food Science Technology, Social Sciences 




crowdsourc* OR crowd-sourc* OR “crowd 
sourc*” OR “mobile crowdsourc*” OR 
“mobile crowdsens*” OR “crowd mapp*” 
OR crowdmapp* OR “crowd sens*” OR 
crowdsens* OR “crowd comput*” OR 
crowdcomput*OR ((macrotask* OR “macro 
task*” OR “micro task*” OR microtask*) 
AND crowd) NOT “crowd scienc*” NOT 
citizenscienc* NOT “citizen scienc*”  
Computer Science Information Systems, Telecommunications, Engineering Electrical Electronic, 
Computer Science Artificial Intelligence, Computer Science Software Engineering, Computer Science 
Theory Methods, Computer Science Interdisciplinary Applications, Computer Science Hardware 
Architecture, Instruments Instrumentation, Transportation Science Technology, Chemistry Analytical, 
Engineering Civil, Regional Urban Planning, Computer Science Cybernetics, Electrochemistry, 
Engineering Environmental, Transportation, Automation Control Systems, Imaging Science 
Photographic Technology, Acoustics, Behavioural Sciences, Physics Applied, Mathematics 
Interdisciplinary Applications, Medical Informatics, Language Linguistics, Linguistics, Information 
Science Library Science, Materials Science Multidisciplinary, Construction Building Technology, 




crowdsourc* OR crowd-sourc* OR “crowd 
sourc*” OR “crowd scienc*” OR 
citizenscienc* OR “citizen scienc*”  
Ecology, Environmental Sciences, Biodiversity Conservation, Multidisciplinary Sciences, 
Communication, Geography, Environmental Studies, Remote Sensing, Geography Physical, Public 
Environmental Occupational Health, Geosciences Multidisciplinary, Marine Freshwater Biology, 
Zoology, Water Resources, Meteorology Atmospheric Sciences, Astronomy Astrophysics, Biology, 
Education Educational Research, Entomology, Ornithology, Urban Studies, Evolutionary Biology, 
Sociology, Oceanography, Plant Sciences, Mathematical Computational Biology, History Philosophy 
of Science, Fisheries, Forestry, Biochemistry Molecular Biology, International Relations, Chemistry 
Multidisciplinary, Genetics Heredity, Development Studies, Medicine General Internal, Biotechnology 
Applied Microbiology, Geochemistry Geophysics, Biochemical Research Methods, Statistics 
Probability, Education Scientific Disciplines, Psychiatry, Humanities Multidisciplinary, Psychology-
Clinical, Pharmacology Pharmacy, Medicine Research Experimental, Substance Abuse, Surgery, 
Microbiology, Biophysics, Clinical Neurology 
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To increase the validity and the reliability of the results, we implement quantitative and 
qualitative examinations at different stages of the study. To increase the validity, the search 
string is expanded as much as possible with a number of iterations between data collection 
and data analysis as mentioned previously. Further, we restrict the usage of terms to be only 
specific to the crowdsourcing field. In other words, we do not use any terms that may lead to 
irrelevant studies. To increase the reliability, each time a new term is introduced, we list the 
results from the least relevant to the most relevant and examine to see the relevancy of the 
studies. For instance; the term “macro task” was leading to the inclusion of unnecessary 
studies, so we combine it with the term “crowd” to limit it to the crowdsourcing specific 
studies where “macro task” terms are used. 10% of the final set of data is reviewed using the 
reliability ranking and we had less than 1% error in the data. Even this minimal error is 
lowered with minimal thresholds and co-occurrence terms in the following sections. In a 
cluster-specific in-depth analysis, research categories increase the reliability and validity even 
further when three are clusters examined separately. 
 
B. Data Analysis, Visualisation and Interpretation 
We use the title and abstracts of the collected data to study the results. Using the terms in 
these sections, we create a co-occurrence of terms with a minimum threshold of at least 10 
occurrences based on binary counting. Generic or irrelevant terms are eliminated by using 
stopwords and relevance scores. Afterwards, any terms without any co-occurrence are 
eliminated to minimise outliers and to provide a better representation of clusters based on the 
interlinkages between terms. As a result, a total of 297 unique keywords identified for further 
analysis. 
We visualize and examine clustered domains of the crowdsourcing field using centrality 
measures with the frequency of terms. Using the VOSviewer software, we visualise the 
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results using the clustering feature in the density visualisation. The results are normalised 
based on association strength. The clustering results are represented graphically using cluster 
density maps. Clustering numbers are organised by VOSviewer where small clusters are 
merged. These are displayed in a variety of ways such as the label, density, cluster density 
and scatter view. In the clustering visuals, the high term density represents high term 
frequency and hence a high number of research outputs in those research areas. The terms are 
represented using occurrence based weights and accordingly the individual font size of terms 
also represents the frequency of those terms across all the abstracts and titles of the studies. 
The closeness of two or multiple terms illustrates a high relationship of terms with each other 
due to common usage of them in abstracts and titles. 
Consequently, we interpret our final visuals using an in-depth qualitative examination 
approach. To perform this step, we select the combination of terms that are illustrated by the 
clustering results and then searched the relevant articles in the database. We select a 
minimum of 5 articles for each interpretation, considering the citation score of the study as 
well. After reviewing each cluster, we label them accordingly. Finally, each cluster is 
categorised, and then these categories are linked with the relevant applications to illustrate the 
crowdsourcing practices across the three different clusters that are identified in our study.  
 
IV. RESULTS AND FINDINGS 
The results are organised from descriptive to more in-depth analytical findings. Firstly, the 
studied area is categorised and the top terms are illustrated. Secondly, the crowdsourcing area 
is clustered. Thirdly, the main clusters are examined separately and then categorised into sub-
groups. Finally, the identified crowdsourcing categories are illustrated with their relevant 
applications. 
A. Crowdsourcing Research Areas 
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Based on the WOS research areas, Figure 3 illustrates the productive fields with high 
contributions to crowdsourcing research during 2006 – 2019.  
Computer science leads the crowdsourcing research by 2,035 publications making up 26% of 
all research during the period of observation. The reason for this significant contribution is 
twofold. Firstly, crowdsourced efforts are a major component in software development with 
platforms such as Github, FLUX and so on [40, 41]. Secondly, crowdsourcing is heavily 
linked with artificial intelligence research, a major domain in computer science which is 
increasing in reach as machine learning capabilities are expanded with the use of the crowd in 
data labelling [42] and the access to mobile devices for crowdsensing [43].  
The leading field for crowdsourcing scientific research is Environmental Sciences and 
Ecology with 1,058 publications, 15% share of the dataset. This substantial share is easily 
explained by the rise of the involvement of citizen scientist in environmental research along 
with other environmental subfields such as biodiversity conservation (405 publications, 5%), 
Zoology (195 publications, 2%) and marine freshwater biology (158 publications, 2%).  
When we proceed to a broader field: Engineering with 1,097 publications making up 14% of 
all research in the dataset. Even though the field represents the 3rd most represented field, it is 
mainly due to part of engineering research is overlapping with other fields mainly computer 
science (2,035 publications, 26%), telecommunication (674 publications, 9%), science and 
technology (427 publications, 5%) operations research and management science (75, 
publications, 1%) and transportation (101 publications, 1%).  
Fourth place belongs to business economics with 696 publications, representing 10% of 
research during the observed period. This can be explained by considering the significance of 
crowdfunding as a major sub-cluster of crowdsourcing research. This influences fields such 
as management, business, and entrepreneurship. In addition, Innovation management and 
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new product development are other fields which may explain why crowdsourcing 
applications are high in this research area.  
The diversity of research fields in Figure 3 presents visual evidence that crowdsourcing 
research is multi-dimensional and interdisciplinary; it combines different perspectives, 
theories, and a variety of applications to solve complex problems.  
 
Fig 3: Breakdown of crowdsourcing scientific research areas 
 
B. Keyword Analysis 
Once we identified the major research fields in the dataset, we applied keyword analysis, in 
order to have a comprehensive overview of the overall theme, before identifying the clusters. 
A keyword analysis is an effective way to explore topical emphases and we use text mining 
methods to this effect. Terms were extracted by natural language processing. We then filtered 
the extracted terms to remove (a) common words used within our search string and (b) words 
with little to no relevance such as research methodology, conclusion, future research, 
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literature review, etc. After this data cleaning process, a total of 297 unique keywords 
emerged. We distinguish the Top 15 Keywords for each cluster via keyword analysis, shown 
in Table III. These keywords, along with the cluster map in Figure 4 in the next section, 
enable the identification of the main research themes within the clusters. Cluster 1 (C1) 
illustrates keywords that are related to the application areas of crowdsourcing in the 
innovation field, Cluster 2 (C2) illustrates it for the engineering field and Cluster 3 (C3) 
illustrates it for the scientific research field (citizen science).  
Table III: Keyword Statistics 
 Cluster 1 - Crowdsourcing 
and Innovation 
Cluster 2 - Crowdsourcing 
and Engineering 
Cluster 3 - Crowdsourcing and 
Science 
 Terms Occurrence Terms Occurrence Terms Occurrence 
1 Idea 551 Task 1602 Volunteer 926 
2 Concept 464 Algorithm 1306 Site  876 
3 Campaign 462 Performance 1053 Observation 849 
4 Social medium 423 Worker 862 Pattern 719 
5 Product 382 Solution 746 Conservation 444 
6 Motivation 377 Sensor 615 Detection  441 
7 Reward 274 Device 445 Habitat 440 
8 Firm 255 Smart device 405 Temperature 319 
9 Contest 216 Classification 398 Biodiversity 304 
10 Rating 207 Privacy 319 Ecosystem 262 
11 Language 199 Mobile 
crowdsensing 
226 Road 173 
12 Entrepreneur 198 Machine 180 Surface 84 
13 Regulation 149 Computation 170 Monarch 61 
14 Fund 121 Mobile user 140 Water quality 50 
15 Developer 91 Payment 90 Opportunistic data 39 
 
Table III provides an overview of popular crowdsourcing terms for each cluster. For instance, 
for C1, it is apparent that crowdsourcing is more commonly used for the ideation process 
(‘idea’ is ranked as the top one in C1) in innovation and new product development compared 
to regulation oriented applications (‘regulation’ is ranked as the 13th most common word in 
C1). However, many are interrelated with each other and these interlinkages are investigated 




C. Cluster Analysis 
Co-occurrence map in Figure 4 displays quasi-connected clusters C1 and C2 and a relatively 
independent cluster C3 in crowdsourcing research. The next three sections discuss the general 
themes and justify these main crowdsourcing clusters. 
 
Fig 4: Cluster of occurring terms1  
1. Cluster 1 
Cluster 1 in Figure 4 has, at its core, campaign, idea, and product. Coupled with the 5 most 
frequent words for this cluster in Table III (Idea, Concept, Campaign, Social medium, 
Product), this cluster clearly points to the broader theme of ideation contests, whereby 
companies outsource their innovation activities to crowds via innovation campaigns through 
platforms [44]. We also spot an isolated-mini cluster within, symbolized with equity 
crowdfunding, entrepreneur, and firm. This mini-cluster points to start-up development 
through crowdfunding [45]. Thus, the broader theme for this idea emerges as “innovation”, 
                                                 
1 “For coloured versions of all the clustering results, please see the online version.” 
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whether by innovating for big companies or funding for start-ups. Therefore, we label the 
theme in this cluster “Cluster 1: Crowdsourcing and Innovation (C1)”.  
2. Cluster 2 
With words such as algorithm, task, worker, performance, and solution; Cluster 2 points to 
the general mechanism of crowdsourcing application systems [46]. This is further reinforced 
by words such as sensor, smart device, privacy, computation, mobile user, which indicate the 
general development of crowdsourcing applications [47]. This motivates the labelling of 
Cluster as “Cluster 2: Crowdsourcing and Engineering (C2)”. We also want to emphasize 
how solution and incentive are co-opted by Cluster 1 and Cluster 2. This is because incentive 
mechanisms and solution-seeking are relevant concepts for both the general engineering 
applications and innovation campaigns.  
3. Cluster 3 
Cluster 3 seems to standalone with keywords such as volunteer, site, and observation. 
Supported with other frequent words such as detection, habitat, biodiversity, and ecosystem; 
closer analysis shows that this cluster comprises all citizen science activities carried out by 
the crowd willing to participate in scientific data collection by reporting their observations 
[48]. Thus, we appropriately label this cluster “Cluster 3: Crowdsourcing and Science (C3)”. 
As the crowdsourcing field presents such a wide and multidisciplinary group of studies and 
applications, further analyses are conducted to garner a deeper understanding of these 
clusters. We further break down the crowdsourcing field, focusing on each cluster 
individually.  
D. Analysis of Research Clusters  
This section examines in-depth the research clusters identified previously. To perform these 
analyses, each clusters’ data is examined separately as explained in the methodology section. 
1. Cluster 1: Crowdsourcing and Innovation 
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Cluster 1 is defined by the concentration and linkage of terms, which reveal the use of 
crowdsourcing as a model or capability to enable firms to access internal and external sources 
of labour, wisdom, creativity and funding through users, consumers and stakeholders. Terms 
such as an idea, campaign, capital, consumer, contest, fund, product, motivation and reward 
can be seen in Figure 5.  
To assist the researcher in defining and presenting the scope of the cluster, the web of science 
field categories was utilised, this included: business, economics, engineering industrial, 
public administration, law, hospitality leisure, sports tourism etc. The prominent use of 
crowdsourcing applications ranges from idea crowdsourcing, crowdfunding, crowd creation 
as established previously on a broad scale. The sub-clusters can be dispersed into three main 
sub-clusters as A, B and C as shown in Figure 5 and these sub-clusters are further examined 
in the following sections. 
 





1.1. Sub-cluster 1.A: Idea and Wisdom  
Research in this sub-cluster focuses on the use of crowdsourcing for NPD and on tasks 
related to the engagement with the crowd within innovation activities (please see terms such 
as idea, contest and engagement). As organisations expand their boundaries and reach out to 
employees and external communities during stages of product development; areas of 
investigation arise related to idea quality, feedback, wisdom of the crowd, increasing new 
product market value, collective intelligence, customer ideation, identifying new product 
ideas [49 - 51]. Another area of focus in this cluster is the motivation and engagement of the 
crowd during competitions or contests with studies focused on idea competitions, idea 
implementation based on idea popularity, task design, participation in contests, recruiting 
valuable participants and modelling prizes [52 - 53].  
1.2. Sub-cluster 1.B: Micro and Macro Tasks  
Research in this sub-cluster investigates crowdsourcing as a tool for solving tasks, which can 
be broken down into studies such as crowdsourcing for HIV testing interventions, review of 
videos for research [54], optimal task allocations, improving consensus scoring, leveraging 
non-expert workers, identifying reliable workers [55, 56], and finally the use of 
crowdsourcing for mapping activities and disaster management [57]. The sub-cluster remains 
related to the main theme of innovation, given that task assignments are implemented in order 
to harvest more knowledge for a faster development process.  
1.3. Sub-cluster 1.C: Donation and Investment  
In line with the mini-cluster in the Cluster 1, the research focus here is on the funding of 
innovative projects, campaigns, and start-ups, with studies on problems hindering promised 
rewards, motivation to crowdfund and signalling in crowdfunding campaigns (please see 




2. Cluster 2: Crowdsourcing and Engineering  
As established previously, C2 focuses on the general mechanisms of crowdsourcing, 
identified by the existence of keywords such as annotation, ground truth, map, device, 
incentive, mechanism, fingerprint, and sensor.  
The Web of Science categories utilised in this research theme are computer science, 
information systems, telecommunications, chemistry analytical, engineering civil, 
transportation, engineering environmental, and regional urban planning, etc. We observe 
that studies in C2 investigate the prominent applications of crowdsensing such as mobile 
crowdsourcing, spatial crowdsourcing, and volunteered geographic information; and tackle 
the general problems such as accuracy, trust, incentive, etc. Figure 6 illustrates the findings of 
the analysis.  
 




2.1. Sub-cluster 2.A: Mapping  
This sub-cluster is comprised of keywords such as a map, location, GPS, route, etc. These 
keywords point, first and foremost, to crowdsourcing tasks related to the improvement of 
geographic information systems and acquiring geographic information about the earth and 
environment, which can be disseminated via social media or collaborative projects such as 
Flickr, Twitter, Facebook and OpenStreetMap [60]. Another stream of studies in this sub-
cluster focus on indoor localisations, path estimation, and floor plan construction [61, 62]. A 
third stream studies the use of devices such as smartphones and sensors to perform 
crowdsourcing activities related to mapping and construction, estimation of road conditions, 
and applications in smart city [63, 64]. 
2.2. Sub-cluster 2.B: Labour and Knowledge 
This sub-cluster is illustrated with keywords such as knowledge, community, annotation, 
label, content, motivation; pointing to the clickworkers, their engagement, and their labour. 
These keywords describe two types of literature. First of all, we observe studies investigating 
tasks with relation to human assessments for facial image quality, rating images from photo-
sharing websites, and language processing [65, 66]. The second stream of research in the sub-
cluster is focused on the presence of an online community with a variety of skill set, benefits 
of human intelligence and the extraction of knowledge [67].  
2.3. Sub-cluster 2.C: Architecture and Design 
This sub-cluster implicates research related to the design of the crowdsourcing mechanism 
with keywords such as task assignment, incentive mechanism, worker, and budget. Studies 
here investigate design mechanisms for the assignment of tasks to the crowd and incentive 
schemes [68, 69] as well as privacy preservation scheme for the crowd whilst performing 
spatial crowdsourcing and mobile crowdsourcing tasks [70] 
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It is worth noting that Sub-clusters A and C overlap around privacy and security, explained 
by the existence of sensing and mobile crowdsourcing (MCS in Figure 6). These applications 
collect data from mobile devices, which creates privacy concerns which are investigated both 
in the 2.A and 2.C.  
3. Cluster 3: Crowdsourcing and Science  
This cluster contains many terms from natural sciences such as amphibian, beach, butterfly, 
species, bird, egg, forest, galaxy, habitat, island, parasite, plant, and wildlife. Coupled with 
keywords such as camera, trap, conservation, planning, disaster, engagement, and image, C3 
implicates the popular application of crowdsourcing in natural sciences.  
The Web of Science categories for this research theme includes biodiversity, conservation, 
geography, environmental studies, water resources, oceanography, etc. The prominent use of 
crowdsourcing applications in C3 is crowd science, citizen science, volunteer geographic 
information, participatory crowdsourcing, and passive crowdsourcing.  
 






To investigate temporal trends in more detail, we use the VOSviewer software which assists 
in the identification of closely related terms with further clustering of this research theme into 
sub-domains, illustrated in Figure 7. C3 displays a relatively dispersed cluster, with five sub-
clusters emerging. Even though there is a lower semantic similarity of the keywords within 
C3, the investigation into the studies shaping the sub-clusters helps us identify the common 
themes for each sub-cluster.  
3.1. Sub-cluster 3.A: Habitat Monitoring  
Keywords such as habitat, species distribution, migration, and sighting are related to 
crowdsourcing tasks on monitoring nature by workers, ergo crowdsourcing for biology. 
Research in this area includes pollination by insects, the attractiveness of flowers to 
pollinators and impact of pesticides on insects [71, 72]; distribution of butterfly species 
during seasons, climate change impact on population trends on moth and butterfly species 
and temperature induced changes in plants [73].  
3.2. Sub-cluster 3.B: Classification  
Keywords such as classification, image, accuracy and deep learning point to crowdsourcing 
tasks related to general image annotation applications. Research in this sub-cluster includes 
quality assurance within health care and patient safety [74, 75] as well as machine learning 
for identification of bubbles, earth observation, enhancing image precision and image 
coverage [48, 76].  
3.3. Sub-cluster 3.C: Public Engagement 
Terms such as disaster, flood, politic, tweet, museum, Wikipedia and classroom point to 
varying streams of engagement in social tasks. Research here deals with spatial collective 
intelligence, humanitarian mapping, producing digital geospatial artefacts [77, 78], public 
participation in science-related projects that influence resource management and policies, 
public understanding of science, conservation outcomes, and engagement models [79]. 
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3.4. Sub-cluster 3.D: Wildlife Preservation 
Terms such as bat, mosquito, bobcat and coyote point to detections tasks for wildlife 
preservation. Research in this sub-cluster comprises of studies on the trends in bat 
populations, the influence of citizen science on conservation attitude and behaviours, urban 
ecosystem relationship between humans and coyote, differential responses of bat species, 
detection of invasive mosquitos [80 - 82]. 
3.5. Sub-cluster 3.E: Marine Conservation 
Terms in this sub-cluster are similar to 3.D in terms of scarcity of keywords. A varying 
number of terms such as island, beach, shark, marine debris and marine environment are 
related to crowdsourcing tasks for marine conservation. Research in this sub-cluster 
comprises of studies on the distribution of small plastic debris on beaches, reproductive 
seasonality of fisheries, air temperature data collection, monitoring sea turtle populations [83  
- 85]. 
V. DISCUSSION 
Gathering all the investigations and findings from Section IV and the clustering results, we 
identify and classify the related clusters emerging within the crowdsourcing field as well as 
sub-clusters with related tasks involved to perform crowdsourcing activities. This is captured 
in Figure 8. Our findings attest to the growth of the field since the mid-2000s, which today 
can be categorized into three major research areas: Innovation, Engineering, and Science. 
These areas, even though not distinct, are nevertheless unique enough to be investigated 
separately. Our in-depth analysis showcases very different research streams stemming from 
these three areas.  
Research in C1 targets innovation management journals such as Research Policy [52], 
Journal of Product Innovation Management [51], Technological Forecasting and Social 
Change [53], whereas studies in C2 are generally published in engineering journals such as 
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multiple IEEE outlets [68 - 70]. Conversely, scholars opt for science journals such as 
Ecological Entomology [71], Biological Conservation [72], Current Surgery Reports [74], 
and Public Understanding of Science [79] for C3.  
Comparing the results of Figure 8 to the relevant studies, we categorise crowdsourcing 
holistically without any limitations to certain research fields or to a number of studies, and 
our results identify many categories and sub-categories which are not categorised by other 
scholars. Comparing our study to Hossain and Kauranen [9], we also find the same areas such 
as idea generation, micro-tasking, and citizen science. However, we identify many other 
categories such as donation and funding and its relevant subcategories which are not apparent 
in their categorisation. Some of the categories that they discuss, such as open-source software 
and wikis, appear to be linked to the applications of the categories that we identified. 
Comparing our findings to Sivula and Kantola [7] who divided crowdsourcing into seven 
main categories, we identify all the same categories, but we contribute to the field by 
grouping them within innovation, engineering and scientific science clusters and also in their 
relevant subcategories. Hence, we organise crowdsourcing knowledge with a hierarchical and 
scientometric approach.  
In the final step of our study, we map our findings from the literature to the real-life platforms 
and techniques, presented in Table IV. Applications present all the current applications and 
techniques emerging from our review: crowdwatch, crowd debugging, crowd science, civic 
crowdfunding, mobile crowdsourcing. We use our search string alongside the term 
“application” to assist in the identification of the typologies. There is a high prominence in 
the use of mobile crowdsourcing and crowd sensing approaches, showing the trend shift from 
just computer science and business domain to domains such as transportation, health, 
medicine, construction and social science fields. Research into the development 
crowdsourcing applications such as crowd science in terms of data quality, mobilizing 
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participants involvement in fields such as social science would be a great avenue for research 
for utilizing this approach to certain tasks [86]. The last column demonstrates platforms 
and/or techniques using those specific applications.  
 
Fig 8: Breakdown of Crowdsourcing Domains
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Table IV: Crowdsourcing Applications 
Application Application Typologies  Platforms/Techniques 
Crowdsensing Mobile Crowdsensing, Citizen sensing, Sparse 
Crowdsensing  
CrowdTracker, MobiGroup, IONavi 
Crowd Testing  Crowdbased testing, Software development, Software 
Crowdsourcing, Coding, Design, Qoe Crowdtesting 
CrowdBuild, Topcoder, CrowdOracles, Crowd Debugging, Innovation Contest, 
Crowdsmelling, CrowdEV, Code Hunt, Stack Overflow, GitHub, Open Source 
Software, AppCheck. 
Crowdfunding  Crowdfunded Journalism, Equity Crowdfunding, P2P 
Crowdfunding, Reward Based Crowdfunding, Civic 
crowdfunding 
Kickstarter, Crowdcube, Syndicate room, Gofundme, Indiegogo, Seedrs, Patreon, 
Crowdfunder, RocketHub, LendingClub, Angelist, Prosper 
Citizen science Volunteered Geographic Information, Smartphone 
Citizen science, Volunteer Computing, Crowd science 
Phylo, Safari Science, CoralWatch, Foldit, Season Spotter, CrowdCurio, 
SeaCleaner, Google Earth, Amazon Mechanical Turk 
Micro Tasking/ Macro task 
Crowdsourcing 
Cloud sourcing, Emergency Information Systems Foodswitch, Fiverr, Amazon Mechanical Turk, ReCaptcha 
Mobile Crowdsourcing Mobile Crowd computing, Volunteered Geographic 
Information, Spatial Crowdsourcing, Mobile 
Crowdsensing 
SmartSource, MobiCS, CrowdMonitor, CrowdPic, NoiseSense, Crowdsourcing Air 
Quality, CrowdSenSim, CrowdWIFI, MapLocal, Voice App, CityCare, Project 
Spear, Project Jagriti, AppLERT, Pazl, FlySensing, ShopProfiler, CrowdGIS, 
Clothes Radar, CRATER, Buy4Me, CrowdTracker, CrowdWatch, FindingNemo, 
FlierMeet, Hysense, WeCrowd, SecureFind, NoiseCo, CrowdOut, Txteagle 
Crowd computing Crowd social media computing Wildlife@Home, Blockchain, CrowdEyes, SETI@home. 
Crowd creation Idea Crowdsourcing, Co-creation, Design 
Crowdsourcing 
Ideastorm, Ideascale, Innocentive, Eyeka, Chaordix, Fiat, Muji, Lego, Jovoto 
Crowdsourcing Systems Open source software, Cloud Computing, Vehicular 
Fog Computing 
OpenStreetMap, System Medicine, Crisis Mapping 
Crowd Wisdom Crowd sharing, Crowd networking, Fan sourcing, 
Crowd rating, Crowd voting 




















Idea and Wisdom  
[49 - 53] 
 
Explore the impact of participation feedback on participants intensity during crowdsourcing ideation initiatives 
(consumer based innovation contests, internal or external tournaments); 
Further explore combination of participants and organization teams in arriving at quality ideas. 
Micro and Macro 
Tasks 
[54 - 56] 
Further explore the role of campaign features in fostering participant loyalty and data quality; 
Best practises for merging trained experts and non-expert judgements for detection of improper tasks;  
Modeling patterns for crowd task completion. 
Donation and 
Investment 
[58 - 59] 
Explore crucial signals for business ventures in reward based crowdfunding success; 












[65 - 67] 
Understand the curation of knowledge by comparing labour and knowledge communities. 
Mapping 
[60], [62] 
Explore the implementation of crowdsourced Wi-Fi fingerprints to building-scale spaces and open graph areas; 
Investigate power consumption and security conscious crowdsourcing of Wi-Fi fingerprints.  
Architecture and 
Design 
[68 - 70] 
Explore architectural authentication methods to achieve evictions and concealing of misbehaving workers identity; 
Best practises or factors making smartphone applications more appealing for crowd task performance; 








Best practices for recruiting experienced participants for crowdsourcing monitoring tasks; 
Explore factors and varying participant features affecting data quality in citizen science initiatives. 
Classification 
[48], [74], [76] 
Explore the combination of crowdsourcing and deep learning techniques for wider classification tasks (e.g national 
and regional human settlement data); 
Best practices to combine human and machine searches in scaling large image data sets. 
Wildlife Preservation 
[80], [81], [82] 
Contextualizing relations between motivations, project participation and resulting outcomes; 
Attitudes towards wildlife for mitigation of human-wildlife conflicts.   
Public Engagement 
[77], [78], [79] 
Explore the breakdown of virtual communities such as OpenStreetMappers from social sciences perspective (e.g 
nationality, demography or socio-economic status); 
Explore the effect of trust, fairness, equity and risk in volunteer recruitment, protocols, and data quality. 
Marine Conservation 
[83 - 85] 
Explore the combination of port surveys and virtual communities in monitoring rare and threatened species; 
Best practises for developing mobile application for marine species data collection. 
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Based on the sub-domains of crowdsourcing as illustrated in Figure 8, the future research 
avenues for crowdsourcing is provided in detail as shown in Table V. The listed future 
research avenues are written based on key references in light of the previously completed 
analysis and also holistic view of the clustering results. 
 
VI. CONCLUSIONS 
The motivation of this study stemmed from the lack of a review of the crowdsourcing 
concept from a holistic perspective. Our findings contribute to the stream of literature on 
crowdsourcing by providing a scientometric-based methodological analysis of its use in the 
domains of science, engineering and innovation [1, 7-10]. Significantly we identify new areas 
for research. This study presents the analysis of data relating to publications advancing the 
field in crowdsourcing from 2006 to 2019, thereby offering emerging research themes and 
sub-clusters to researchers, experts, and the crowdsourcing community, along with 
implications to companies, managers, and practitioners. A total of 7,059 scientific 
publications have been identified during this period with an exponential increase in computer 
science (26%), environmental sciences (15%), engineering (14%), and business (10%). The 
keyword analysis of publications further reveals a concentration of research within three main 
emerging clusters with a range of top trending terms within each cluster. Examination of 
these main clusters reveal sub-clusters in relation to task and research: crowdsourcing and 
innovation (i. idea and wisdom ii. micro and macro tasks iii. donation and investment), 
crowdsourcing and engineering (i. mapping ii. labour and knowledge iii. architecture and 
design), crowdsourcing and science (i. habitat monitoring ii. classification iii. public 
engagement iv. wildlife preservation v. marine conservation). Whilst examining the trend of 
crowdsourcing applications, we discovered applications such as crowdsensing, crowdtesting, 
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crowdfunding, citizen science, micro-tasking/macro-tasking, mobile crowdsourcing, crowd 
computing, crowd creation, and crowd wisdom.  
One of the practical implication of this paper is the mapping crowdsourcing research and 
applications holistically considering innovation, engineering and science domains. The 
clustering, categorisation and sub-categorisation results are further linked with the relevant 
applications and hence it provides a hierarchical taxonomy for other scholars and industrial 
practitioners. We illustrate the results with a number of examples to show a broad spectrum 
of crowdsourcing applications and methods in different conditions. We clarify the linkage 
between each research cluster and sub-clusters are examined to show the interrelationship of 
crowdsourcing research. We also illustrate emerging or developing fields for relevant 
practitioners to take strategic actions. 
The methodological contributions of this paper are threefold. Firstly, crowdsourcing specific 
search string is developed so other scholars can perform similar studies by using our search 
string. Secondly, we provide a highly transparent process of how the reliability and validity 
of such a study can be increased in terms of data retrieval. Finally, we provide a great 
example to granularity in such methods where clustering is linked to the sub-clusters, and 
subclusters are linked to its relevant categories and applications. 
The study, however, is not without limitations. We adopted a scientometric approach 
combining a co-occurrence text mining and publication analysis to review the literature. We 
have used a range of keywords in our search within the abstract, title and full text of 
publications. An expansion of keywords utilised may generate different search results. We 
have classified crowdsourcing applications into three categories and this classification is by 
no means exhaustive, thereby requires other studies to consolidate the findings. We have 
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